During an epidemiological study on rotaviruses among diarrheic children in the northeastern and middle belt regions of Nigeria, the distribution of G and P types was investigated in 127 stool specimens. By PCR G typing, the G type of rotaviruses in 97 samples was identified. Interestingly, an unusual G8 type, as well as common G1, G2, and G3 types, was detected more frequently (31 of 112; 27.7%). Eleven samples contained multiple G types, and a G9 strain (Bulumkutu) was identified for one of the probable mixed infections. In PCR P typing, P[6] was detected most frequently, P[8] being the second most common type, while the P type of 73 samples could not be identified. One rotavirus strain with a G8 type specificity could be cultivated in cell culture, and the P type of this strain was found to be P[1], which is usually carried by bovine strains. When the combinations of G and P types were examined, the unusual strains G2P[6] and G8P[1] were often identified. Sequence analysis was performed for the VP7 gene of the G9 strain Bulumkutu and the VP4 and VP7 genes of G8P[1] strain HMG035. The VP7 sequence of the Nigerian serotype G9 was more closely related to that of a Brazilian strain than to those of other African strains. The VP7 and VP4 genes of G8P[1] strain HMG035 were found to be very similar to that of a Thai bovine strain A5, suggesting that bovine strains may have been transmitted directly to humans. These results highlight an unexpected diversity among rotavirus strains in Nigeria and emphasize the need for further serological and genetic surveys on more rotavirus strains in African countries, including Nigeria.
Rotavirus gastroenteritis among infants and young children remains a major cause of mortality in developing countries and a significant cause of morbidity in the developed countries (22) . Rotaviruses are classified into groups A to E, group A rotavirus being known to exhibit the highest prevalence and pathogenicity. The virus has an inner capsid and an outer one containing a genome of 11 segments of double-stranded RNA. The two outer capsid proteins of the virus, VP7 (encoded by gene segment 7, 8, or 9, depending on the strain) and VP4 (encoded by gene segment 4), independently specify the G and P types, respectively. Consequently, rotaviruses exhibit diverse and complex serotypic specificities (20) .
To date, 14 G serotypes have been defined by neutralization assays and 10 of them have been identified in humans (11) . Extensive G serotyping surveys across the globe have shown that serotypes G1 to G4 are the most prevalent worldwide (2, 10, 12, 13, 16, 29, 31) . Thus, the first licensed rotavirus vaccine, RotaShield, formulated to cover the epidemiologically important serotypes G1 to G4, was used in the United States (18) . However, the vaccine was later withdrawn because of a possible association with intussusception reported with its use (6, 7) . There now appears to be a resurgence of enthusiasm for this vaccine, at least in randomized, controlled trials in developing countries (17, 38) . In contrast, there has been an increasing number of reports on the detection of rotavirus strains with unusual G serotypes among infants recently (5, 10, 14, 24, (26) (27) (28) (29) (30) (31) (32) . They include G5, G6, G8, G9, G10, and G12. Some of these G serotypes were detected exclusively in animals in the past; G5 in pigs and G6, G8, and G10 in cattle.
A total of 20 P types has been reported, of which 7 types have been detected in humans, P [8] and P [4] being the most common. Compared to surveys on the distribution of G types, surveys on the distribution of P types have been done less widely because of a lack of rapid and simple serological methods. Precise identification of these VP4 and VP7 antigenic determinants and global epidemiological surveys on the serotype distribution of rotaviruses will provide the basic information necessary to develop effective vaccines. In particular, more complete surveillance of the serotype distribution is required in the African continent, where a higher frequency of unusual serotypes (2-4, 5, 9, 10, 14, 19, 31) appears to be associated with low protection efficacy in vaccine trials (23) .
In previous studies (2-4), rotavirus strains bearing G2 specificity have never been detected in Nigeria, and only one strain each bearing G8 and G9 specificities has been identified in addition to a number of untypeable specimens. In this study, however, two unusual strains, exhibiting G2P [6] and G8 type specificity, respectively, were detected in a high proportion. The results of sequence analyses of the VP7 gene of a Nigerian G9 strain and the VP4 and VP7 genes of a Nigerian G8P [1] strain are also presented.
MATERIALS AND METHODS
Stool specimens. A total of 127 stool specimens was collected from children with diarrhea under 7 years of age in the outpatient pediatric department of the State Specialist Hospital, Maiduguri, Nigeria, and the inpatient pediatric department of the Federal Medical Centre, Makurdi, Nigeria, between November 1999 and April 2000, as previously described (1) . The hospitals in which samples were obtained serve patients of different educational and socioeconomic backgrounds living in neighborhoods with distinctly different levels of sanitation. They were stored at Ϫ20°C until being transported on ice to Japan, where they were analyzed.
Virus isolation in MA-104 cells in roller tube cultures was attempted from 11 stool specimens of a sufficient amount for cell culture as described previously (37) . Briefly, each stool extract was pretreated with 10 to 30 g of acetylated trypsin (Sigma, St. Louis, Mo.) per ml, inoculated onto MA-104 cells, maintained in the presence of trypsin (3 g/ml), and then harvested 3 to 5 days after infection. At least three cycles of passage in roller tube cultures were performed.
ELISA. Enzyme-linked immunosorbent assay (ELISA) with a group-A-common monoclonal antibody (YO-156) directed to VP6 was carried out as described previously (35) .
Polyacrylamide gel electrophoresis (PAGE). Viral RNA was extracted from a fecal suspension or culture fluid with a one-fifth volume of a 6ϫ disruption solution comprising 6% sodium dodecyl sulfate, 0.6% 2-mercaptoethanol, and 300 mM EDTA and then with phenol-chloroform. The RNA was electrophoresed in 10% acrylamide gels (2 mm thick) for 16 h at 20 mA at room temperature. RNA segments were visualized by silver staining.
RT-PCR. Rotavirus double-stranded RNA was extracted by the guanidinesilica method with an RNAid kit (Bio 101, La Jolla, Calif.), and the extracts were used as templates for reverse transcription-PCR (RT-PCR).
For G typing, a full-length VP7 gene (1,062 bp) was amplified with a pair of primers, T31 and T32, corresponding to the common 5Ј and 3Ј ends of the gene, respectively. In the second and multiplex seminested PCR, G-serotype-specific primers were used to identify G types (36) . Similarly, PCR for P typing was carried out in two steps (first and second amplifications), as described previously (39) . Briefly, a pair of primers (T5ЈEND and -3ЈEND) corresponding to the common sequences of nucleotide 11 to 32 and 1072 to 1094 was used for the first amplification, and a mixture of primers specific to each of the variable regions of P1A [8] , P1B [4] , P2 [6] , and P3 [9] and a primer (T5ЈEND) corresponding to nucleotides 11 to 32 were employed for the second amplification. PCR products were electrophoresed in 1% agarose gels, stained with ethidium bromide, and then visualized with a UV transilluminator.
Nucleotide sequencing. The purified RT-PCR products from the stool specimen containing rotavirus of the G9 type and from the culture fluid infected with a rotavirus strain, HMG035, with G8P[1] specificity were sequenced directly by the method previously described (1). The 5Ј and 3Ј sequences comprising 20 to 22 nucleotides were derived from the primer sequences used for the RT-PCR. Gel read lengths of 400 to 500 nucleotides were routinely used, and the sequences corresponding to the primers were sequenced using different PCR products. The sequencing primers and their positions as used individually in the sequence extension reactions are listed in Table 1 . Sequence data were analyzed with the Genetyx-Mac software package for sequence alignment and for the construction of a phylogenetic tree using the unweighted-pair group method with arithmetic means.
Nucleotide sequence accession number. The nucleotide sequence data reported in this paper for the VP4 and VP7 genes of strains HMG035 and Bulumkutu have been submitted to the GenBank database and have been assigned the accession numbers AF361438 (HMG035 VP4), AF359359 (HMG035 VP7), and AF359358 (Bulumkutu VP7).
RESULTS

Rotavirus detection.
A total of 127 stool specimens was analyzed by RNA-PAGE, ELISA, and RT-PCR. Fifteen (11.8%), 29 (22.8%), and 112 (88.2%) samples were found to be positive for rotavirus on ELISA, RNA-PAGE, and RT-PCR, respectively. Two of them contained group C rotavirus strains, whose genome characterization was described elsewhere (1) .
G type distribution. RT-PCR for G typing showed that G1 was the most prevalent type, being found in 44 (39.3%) of the 112 rotavirus-positive specimens. An unusual G8 type was also detected at high frequency (31 of 112; 27.7%). Types G2 and G3 were found in 20 (17.8%) and 2 (1.8%) specimens, respectively, while no G4 types were detected (Table 2 ). Thirteen specimens (11.6%) contained multiple G types, such as G1ϩG2, G8ϩG9, G1ϩG3, G1ϩG8, G2ϩG8, and G1ϩG2ϩG8. 
a All the primers, including those used for RT-PCR, were used individually for sequence determinations. For the VP4 gene, three partially overlapping RT-PCR products were amplified by employing T804 and T3Ј END, T806 and T807, and T805 and T810 primer pairs, respectively. The sequencing results were unequivocal; hence, one strand of each of the genes was sequenced in both strains.
b These primers were used in RT-PCR. c F, forward; R, reverse.
P type distribution. The P types could be assigned for only 36 (32.1%) of the positive specimens ( Table 2 ). Of these, P [6] predominated, accounting for 24 (66.7%), followed by P [8] in 10 (27.8%), while two specimens (5.6%) contained a mixture of P [6] ϩP [8] specificities. P [4] was not detected in this study. None of the specimens with the G8 type were typeable as to the P type, except for one cultivable strain, HMG035, which had P[1] specificity.
G and P type combinations. Four distinct G and P type combinations were identified among the 36 stool specimens in which there were 10 (27.8%) of G1P [8] and G1P [6] specificities (Table 2) . Two cases each of mixed infections, G1P [6] ϩP [8] and G1ϩG2P [6] specificity, respectively, were observed. As mentioned above, a rotavirus strain (HMG035) with G8 specificity was successfully grown in MA-104 cells. RNA extracted from the culture fluid was subjected to RT-PCR for G and P typing, and the G specificity was confirmed. The P type of this cultivable strain was found to be P [1] , and the RNA profile is shown in Fig. 1 . Its fifth RNA band migrated faster than usual.
Nucleotide sequence analysis. G8 or G9 human rotaviruses have been highlighted as emerging strains worldwide. Sequence analysis was carried out on the G9 strain Bulumkutu and the G8 strain HMG035. The VP7 gene of strain Bulumkutu in a mixed infection was similar in primary structure to that of reported G9 strains worldwide. It is 1,061 nucleotides long with one base deletion at position 1030, compared to rotaviruses with non-G9 specificity. This gene has an open reading frame encoding a protein of 326 amino acids. Two in-phase initiation codons located at positions 49 to 51 and 136 to 138 were observed, with no potential N-glycosylation site at residues 238 to 240 as has been found in other G9 strains.
When the sequence of the VP7 gene of Nigerian G9 strain Bulumkutu was compared with other published G9 VP7 gene sequences, closer identity (99.1% at amino acid level) was found with a Brazilian strain, R160 (Table 3 ). The Nigerian strain is also more similar (98.8%) to other Brazilian, Malawi, and U.S. strains than to Indian, Bangladeshi, and Chinese strains. Strain Bulumkutu exhibited the least homology (91.1%) to Indian strain 116E and only 95.7% identity with prototype G9 strain WI61. On a phylogenetic tree, the Nigerian strain Bulumkutu forms a separate cluster with Brazilian strain R160, to which it is most closely related, but not with African strains MW47 and MW69 from Malawi (Fig. 2) .
The complete nucleotide sequence of the VP7 gene of the Nigerian human G8 strain HMG035 was determined and compared with corresponding sequences of strains representing G1 to -14 from human and animal species ( Table 3 ). The Nigerian G8 strain HMG035 was similar to the other strains in primary structure, but the VP7 gene was most closely related to that of another Nigerian G8 strain, HMG89 (97.2%), which was detected in a previous study (4) . It also showed close identity with a Percentage of number typeable. b The P type could only be determined after successful adaptation to growth in cell culture. c The total number of samples here includes two in which human group C rotaviruses were identified and reported elsewhere (1) . Fifteen of the stool specimens were negative for rotavirus with all the methods employed for their analysis.
d ND, P type could not be determined. 
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African strains from Malawi and Egypt (96.6 to 96.9%) and with a Thai bovine G8 strain, A5 (95.4%). The VP4 gene sequence was also determined for Nigerian strain HMG035. It was 2,362 nucleotides in length with an open reading frame extending from nucleotides 10 to 2335 and encoded a protein of 776 amino acids. On comparison with the published VP4 gene sequences of other strains, it was found to be most closely related to bovine strains A5 and NCDV, the amino acid identities being 92.5 and 92.4%, respectively (Table  4) . This sequence analysis thus further confirmed the PCR results; i.e., the strain is of a P [1] genotype.
DISCUSSION
Recent studies (10, 27, 31) have indicated that uncommon human rotavirus strains are emerging as global strains, which has important implications for effective vaccine development. The present study adds to this pool of information and further confirms the emergence of these unusual strains.
Previous studies (3) in Nigeria identified strains of G1P [8] , G3P [6] , G1P [6] , and G3P [8] as the commonly prevalent ones. In the present small study, however, a novel strain, G2P [6] , hitherto unidentified in this country, was observed to be the most predominant. Recently, a report (5) from a neighboring West African country, Ghana, indicated that this type accounted for the majority (50%) of the isolates and this may be an emerging West African one. It would be interesting to determine the prevalence of this "putative" neonatal genotype strain in other African countries.
Of interest too in this study is the emergence of strains with serotype G8 whose VP4 genotype is P [1] or remains untypeable. Human G8 strains were first detected in Indonesia (25) . However, this serotype now appears to have a worldwide distribution, as evidenced by its detection in other countries of the world. While in some studies the P [1] , P [4] , or P[6] VP4 genotype has been assigned to these G8 serotype strains (8, 21) , in others characterization of the VP4 genotypic specificity was unsuccessful. The G8 serotype identified in Nigeria in 1994 to 1995 had P [6] specificity (4) .
In this study, one cultivable G8 strain, HMG035, was found to exhibit P[1] specificity. A bovine rotavirus with the same G8P [1] specificity has been reported in Thailand (33, 34) . Furthermore, a G8P [1] bovine rotavirus was recently detected in Nigeria, and we are now characterizing this strain by Northern blotting and sequence analysis in order to elucidate the relationship with the human G8 strain. The stool specimen from which strain HMG035 was isolated did not reveal any nucleic acid upon direct PAGE analysis. This strain might have recently crossed the species boundary from animals to humans and might not have yet fully adapted to humans. If this is correct, it could explain why none of the specimens exhibiting G8 specificity showed any nucleic acid on direct PAGE analysis. The northeastern region of Nigeria where strain HMG035 was isolated is a predominantly rural livestock-producing area, there being close contact between humans and animals. It will be interesting to determine whether the G8P [1] strain detected in a human stool was due to the close contact of the patient with calves which excreted the strains with the same G8P [1] specificity. The direct transmission of animal strains to humans should be a subject for further consideration as to the ecology of rotavirus infection. A number of mixed infections with rotaviruses was also observed in this study. Such an event could facilitate the emergence of rotavirus reassortants, including ones with animal rotaviruses (15) . This may reflect the frequent rotavirus infections in heavily contaminated environments in the area surveyed in this study.
As in previous studies in Nigeria (2) , serotype G4 was never detected and only one G9 serotype, in a mixed infection with a G8 serotype, was identified in this study. Interestingly, sequence analysis of this G9 strain revealed that it is most closely related to a South American strain from Brazil and not to African strains from Malawi. A similar observation was made about the VP6 sequence of human group C rotavirus strains from Nigeria in our other recent study (1) : the VP6 gene of a Nigerian strain was more closely related to that of a Brazilian strain than to those of other Nigerian strains. Thus, it was confirmed that there is an unusual diversity among rotavirus strains in Nigeria. Of importance, however, is that sequence data for Nigerian serotype G9 are now known. This sequence information can now be used to design more efficient PCR primers for detecting strains of the G9 serotype more effectively and could be used to determine the true distribution of this emerging global strain in Nigeria. One study (4) has revealed that mismatches at the primer binding site of a G8 serotype resulted in erroneous typing as a G3 serotype. The sequence data presented here could be used to prevent a similar error in the future typing of G9 serotypes from Nigeria. A number of samples remained untypeable as to the P type specificity. Such strains may be of types other than P [8] , P [4] , P [9] , or P [6] , since only primers specific to these P types were routinely used in this study. Expecting that the G8 strains might have P [1] specificity similar to that of strain HMG035, we also used bovine-specific primers for PCR P typing but failed to obtain conclusive results. Although they may have new P type(s) not yet recognized or nonhuman, nonbovine P types, further studies are needed to identify their P types. Alternatively, the unsatisfactory storage conditions for the stool samples may be related to the low P type identification, since the detection rates of rotavirus on ELISA and RNA-PAGE were also low. Because the sensitivity of our PCR P typing was less than that of PCR G typing, such circumstances might have affected the efficiency of PCR P typing.
The sample size and the distribution of sampling sites are limitations of this study. It has, however, demonstrated some fundamental features of rotavirus epidemiology in Nigeria: the emergence of a novel strain, G2P [6] , hitherto unidentified; the emergence of G8P [1] serotypes and a high proportion of mixed infections providing a favorable environment for reassortment to occur; the consistent absence of G4 serotypes in the country; and the presentation of the sequence data of the VP7 genes of Nigerian serotypes G9 and G8. In particular, the G8 serotype is now established as the second most predominant after G1 in Nigeria. These findings highlight the need for continuous monitoring of the G and P type distributions of rotaviruses in Africa to provide information essential for rotavirus vaccine development. 
